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I. INTRODUCTION
At the present time extensive investigations of meson
production in electron-positron collisions of different en-
ergies are carried on at various experimental facilities like
VEPP-2000 (Novosibirsk), DAΦNE (Frascati), BEPC-II
(Beijing), KEK-B (KEK) and other. For theoretical de-
scription of these processes at low energies one can not
use the perturbative QCD, therefore it is necessary to use
phenomenological models: the vector meson dominance
one, the ones based on the chiral symmetry etc.
In a set of recent papers we used the extended SU(2)×
SU(2) Nambu–Jona-Lasinio (NJL) model with a polyno-
mial form factor [1, 2] for description of electromagnetic
interactions of pi, ρ, and ω mesons and of their first ra-
dial excited states. In Ref. [3] the two-photon decays of
pi and pi′ ≡ pi(1300) mesons and the processes of their
production in e+e− collisions were considered. In pa-
pers [4, 5] we computed the production cross sections of
pi0(pi′)ω and pi0(pi′)γ pairs at electron positron colliders.
These results were in a satisfactory agreement as with the
experimental data [6–9] as well as with theoretical esti-
mates [6] obtained within the vector meson dominance
model. Radiative decays of pi0, ρ0, ω, and their radial
excited states were studied in Ref. [10].
In this work we describe the two-photon decays of
pseudoscalar isoscalar η, η′(958), η(1295), and η(1475)
mesons, the processes of their production in two-photon
mechanism at electron-positron collisions, and in the
Primakoff effect on an electron. The calculations are
performed on the base of the U(3) × U(3) chiral NJL
model with ’t Hooft interaction. The radial excitations
of mesons are described again with the help of polyno-
mial form factors for meson interactions with u(d) and s
quarks [11]. Diagonalization of the free Lagrangian for
the four eta-mesons with the transition to their physical
states is performed by means of the 4 × 4 mixing ma-
trix [12–14].
II. LAGRANGIAN
We use a nonlocal separable four-quark interaction of
a current-current form which admits nonlocal vertexes
(form factors) in the quark currents, and a pure local
six-quark ’t Hooft interaction [15, 16]:
L(q¯, q) =
∫
d4x q¯(x)(i∂/ −m0)q(x) + L(4)int + L(6)int ,
L(4)int =
∫
d4x
8∑
a=0
N∑
i=1
G
2
[jaS,i(x)j
a
S,i(x) + j
a
P,i(x)j
a
P,i(x)],
L(6)int = −K [det [q¯(1 + γ5)q] + det [q¯(1 − γ5)q]] . (1)
Here, m0 is the current quark mass matrix (m0u ≈ m0d)
and jaS(P ),i denotes the scalar (pseudoscalar) quark cur-
rents
jaS(P ),i(x) =
∫
d4x1d
4x2 q¯(x1)F
a
S(P ),i(x;x1, x2)q(x2)
(2)
where F aS(P ),i(x;x1, x2) are the scalar (pseudoscalar)
nonlocal quark vertes. The coupling constants G =
3.14 GeV−2 and K = 6.1 GeV−5 are fixed in the
model [13, 14] from the pion mass and from the masses
of η and η′ mesons (taking into account the mixing of
ground and excited states), respectively.
To describe the first radial excitations of mesons, we
take the form factors in momentum space as follows (see
2[1, 2]):
F aP,j = iγ5λ
afaj ,
fa1 ≡ 1, fa2 ≡ fa(k) = ca(1 + dak2), (3)
where λa are Gell–Mann matrices, λ0 =
√
2
31, with 1
being the unit matrix. Here, we consider the form factors
in the rest frame of mesons 1. The slope parameters du =
−1.78 GeV−2 and ds = −1.73 GeV−2) are defined from
the condition that the tadpoles with the form factors for
the corresponding quarks are equal to zero. That means
that the excited states do not give contributions to the
quark condensates. The coefficients cu = 1.5, cs = 1.66
are fitted from the masses of the radial excited physical
states of eta-mesons.
Following [15, 16], after coupling of a pair of quarks
in the ’t Hooft interaction we get a modified four-quark
interaction of the isoscalar pseudoscalar sector of the NJL
model:
Lisosc =
9∑
a,b=8
(q¯iγ5τaq)T
P
ab(q¯iγ5τbq), (4)
where TP is a matrix with elements defined as follows
TP88 = G
+
u /2, T
P
89 = G
+
us/2,
TP98 = G
+
us/2, T
P
99 = G
+
s /2,
τ8 = λu = (
√
2λ0 + λ8)/
√
3,
τ9 = λs = (−λ0 +
√
2λ8)/
√
3,
G+u = G− 4KmsI1(ms), G+s = G,
G+us = 4
√
2KmuI1(mu).
Here mu and ms are the constituent quark masses and
I1(mq) is the integral which for an arbitrary n is defined
as follows
If...fan (ma) = −i
Nc
(2pi)4
∫
Λ3
d4k
fa(k) . . . fa(k)
(m2a − k2)n
. (5)
The 3-dimensional cut-off Λ3 = 1.03 GeV in is imple-
mented to regularize the divergent integrals. Here mu,s
are the constituent quark masses: mu = 280 MeV and
ms = 405 MeV.
After bosonization we get the quark-meson interaction
Lagrangian in the form
Lint = q¯(p1)
[
(i/p−m) + iγ5
(
λug
u
1φ
u
1 + λsg
s
1φ
s
1
+λug
u
2φ
u
2f
u
2 (p) + λsg
s
2φ
s
2f
s
2 (p)
)]
q(p2), (6)
1 The form factors depend on the transverse parts of the relative
momentum of quark-antiquark pairs k⊥ = k −
k·P
P2
P , where k
and P are the relative and total momenta of a quark-antiquark
pair, respectively. Then, in the rest frame of mesons, Pmeson =
0, the transverse momentum is k⊥ = (0, ~k), and we can define
the form factors as depending on the 3-dimensional momentum
~k alone.
where m = diag(mu,md,ms), p = p1 − p2,
gu1 = [Z4I
u
2 ]
−1/2, gs1 = [Z4I
s
2 ]
−1/2,
gu,s2 = [4I
ffu,s
2 (mu,s)]
−1/2, (7)
where pi − a1 transitions accounted by factor
Z = 1− 6m
2
u
M2a1
(8)
taken the same for ground φu and φs meson states. For
the excited states these transitions can be omitted as
discussed in Ref. [11].
From Eq. (4) taking into account renormalization of
the kinetic terms in the one-loop approximation, one can
get the free meson Lagrangian in the following form [12,
13]:
L(2)(φ) = 1
2
2∑
i,j=1
9∑
a,b=8
φiKφ,ij(P )φj , (9)
φ = (φ81, φ
8
2, φ
9
1, φ
9
2),
where
Kφ,11(P ) = P 2 − (mu ±mu)2 −M2φ8,1,
Kφ,22(P ) = P 2 − (mu ±mu)2 −M2φ8,2,
Kφ,33(P ) = P 2 − (ms ±ms)2 −M2φ9,1,
Kφ,44(P ) = P 2 − (ms ±ms)2 −M2φ9,2, (10)
Kφ,12(P ) = Kφ,21(P ) = Γηu(P 2 − (mu ±mu)2),
Kφ,34(P ) = Kφ,43(P ) = Γηs(P 2 − (ms ±ms)2),
Kφ,13(P ) = Kφ,31(P ) = gu1 gs1(TP )−189 ,
Γηu,s =
I
fu,s
2 (mu,s)
√
Z√
I2(mu,s)I
ffu,s
2 (mu,s)
.
The bare meson masses are
M2φ8,1 = (g
u
1 )
2
(
1
2
(TP )−188 − 8I1(mu)
)
,
M2φ9,1 = (g
s
1)
2
(
1
2
(TP )−199 − 8I1(ms)
)
,
M2φ8,2 = (g
u
2 )
2
(
1
2G
− 8Iffu1 (mu)
)
, (11)
M2φ9,2 = (g
s
2)
2
(
1
2G
− 8Iffs1 (ms)
)
.
Transition from the bare states to the physical ones is per-
formed with the help of 4×4matrix R which provides the
diagonal form for the free Lagrangian. This matrix was
found numerically in Refs. [12–14], it is given in Table I.
3Table I: The mixing coefficients for the isoscalar pseudoscalar
meson states.
Ri,j η ηˆ η
′ ηˆ′
ϕ81 0.71 0.62 −0.32 0.56
ϕ82 0.11 −0.87 −0.48 −0.54
ϕ91 0.62 0.19 0.56 −0.67
ϕ92 0.06 −0.66 0.30 0.82
Table II: Widths of η meson two-photon decays.
meson η ηˆ η′ ηˆ′
model [eV] 520 93 4990 230
exp. [eV] 510 ± 26 − 4340± 140 −
III. DESCRIPTION OF RADIATIVE
PROCESSES
A. Two-photon decays
Let us start with the 2-photon decays of the
ground and excited states of η-mesons. To describe
it we introduce the quark-photon interaction term
q¯QγµAµq into the interaction Lagrangian (6), with Q =
diag(2/3,−1/3,−1/3). For the decay η → γγ we get the
amplitude
Tη→γγ =
α
9pi
εµνρσq
ρ
1q
σ
2 ε
µ
1 ε
ν
2{
R1,1
gu1
mu
5I3(mu) +R2,1
gu2
mu
5Ifu3 (mu)
−R3,1 g
s
1
ms
√
2I3(ms)−R4,1 g
s
2
ms
√
2Ifs3 (ms)
}
.(12)
Analogously we got the amplitudes for two-photon decays
of ηˆ, η′, and ηˆ′ mesons. Our results for the widths of the
four decays with comparison to the existing experimental
data are given in Table II.
Consider now the processes of η-meson production in
e+e− collisions by two-photon mechanism:
e+ + e− → e+ + e− + η(ηˆ, η′ ηˆ′). (13)
In the first approximation the total cross section [17]
reads
σηi = (4α)
2 ln2
√
s
2me
Γ(ηi → 2γ)
M3(ηi)
Y
(
M2(ηi)
s
)
,
Y (z) = (2 + z)2 ln
1√
z
− (3 + z)(1− z). (14)
The corresponding numerical results are given in Ta-
ble III in comparison with the experimental data [18]
Table III: Total cross sections of η meson production via the
two-photon mechanism.
meson η ηˆ η′ ηˆ′
model [nb] 1.4 0.014 2.1 0.022
exp. [nb] 1.25± 0.13 − 1.8± 0.3 −
existing for the ground meson states at
√
s = 29 GeV
total e+e− energy in the center-of-mass.
In a similar manner we can describe the Primakoff pro-
cess of η meson production in photon–lepton collisions
γ(k) + l(p)→ ηi(p1) + l(p′), l = e, µ,
p2 = p′
2
= m2l , k
2 = 0, p21 = M
2(ηi),
s = 2kp > M2(ηi)≫ m2l . (15)
The total cross section of this process reads [3]:
σγl→ηil =
αΓ
M3(ηi)
[
1 +
(
1− M
2(ηi)
s
)2]
×
(
ln
s2
m2lM
2(ηi)
− 1
)
. (16)
For electron-photon collisions at the center-of-mass en-
ergy
√
s = 3 GeV we get the following predictions for the
total cross sections: σγe→ηe = 340 pb, σγe→ηˆe = 540 pb,
σγe→η
′e = 3.7 pb, σγe→ηˆ
′e = 5.7 pb.
IV. CONCLUSIONS
The results of our calculations show that the applica-
tion of the mixing matrix R which diagonalizes the free
meson Lagrangian leads to sufficiently good description
radiative decays of the ground η and η′ meson states.
This allows us to hope to get reasonable predictions for
their first radial excited states. A similar situation took
place in the case of strong interactions of the ground and
excited mesons [2, 14].
In the future we plan to consider also the processes
e+e− → ηiγ taking into account the ground and the first
radial excited vector mesons ρ, ω and φ in the inter-
mediate state. Similar processes with pion production
were considered recently in Ref. [5]. In the same way one
can consider processes e+e− → ηiρ0 and e+e− → ηiω.
The analogous processes e+e− → pi(pi′)ω were studied in
Ref. [4].
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I. INTRODUCTION
At the present time extensive investigations of meson
production in electron-positron collisions of different en-
ergies are carried on at various experimental facilities like
VEPP-2000 (Novosibirsk), DAΦNE (Frascati), BEPC-II
(Beijing), KEK-B (KEK) and other. For theoretical de-
scription of these processes at low energies one can not
use the perturbative QCD, therefore it is necessary to use
phenomenological models: the vector meson dominance
one, the ones based on the chiral symmetry etc.
In a set of recent papers we used the extended SU(2)×
SU(2) Nambu–Jona-Lasinio (NJL) model with a polyno-
mial form factor [1, 2] for description of electromagnetic
interactions of pi, ρ, and ω mesons and of their first ra-
dial excited states. In Ref. [3] the two-photon decays of
pi and pi′ ≡ pi(1300) mesons and the processes of their
production in e+e− collisions were considered. In pa-
pers [4, 5] we computed the production cross sections of
pi0(pi′)ω and pi0(pi′)γ pairs at electron positron colliders.
These results were in a satisfactory agreement as with the
experimental data [6–9] as well as with theoretical esti-
mates [6] obtained within the vector meson dominance
model. Radiative decays of pi0, ρ0, ω, and their radial
excited states were studied in Ref. [10].
In this work we describe the two-photon decays of
pseudoscalar isoscalar η, η′(958), η(1295), and η(1475)
mesons, the processes of their production in two-photon
mechanism at electron-positron collisions, and in the
Primakoff effect on an electron. The calculations are
performed on the base of the U(3) × U(3) chiral NJL
model with ’t Hooft interaction. The radial excitations
of mesons are described again with the help of polyno-
mial form factors for meson interactions with u(d) and s
quarks [11]. Diagonalization of the free Lagrangian for
the four eta-mesons with the transition to their physical
states is performed by means of the 4 × 4 mixing ma-
trix [12–14]. Note that we skip the η(1405) state which
is usually treated as a pseudoscalar glueball [15–17].
II. LAGRANGIAN
We use a nonlocal separable four-quark interaction of
a current-current form which admits nonlocal vertexes
(form factors) in the quark currents, and a pure local
six-quark ’t Hooft interaction [18, 19]:
L(q¯, q) =
∫
d4x q¯(x)(i∂/ −m0)q(x) + L(4)int + L(6)int ,
L(4)int =
∫
d4x
8∑
a=0
N∑
i=1
G
2
[jaS,i(x)j
a
S,i(x) + j
a
P,i(x)j
a
P,i(x)],
L(6)int = −K [det [q¯(1 + γ5)q] + det [q¯(1 − γ5)q]] . (1)
Here, m0 is the current quark mass matrix (m0u ≈ m0d)
and jaS(P ),i denotes the scalar (pseudoscalar) quark cur-
rents
jaS(P ),i(x) =
∫
d4x1d
4x2 q¯(x1)F
a
S(P ),i(x;x1, x2)q(x2)
(2)
where F aS(P ),i(x;x1, x2) are the scalar (pseudoscalar)
nonlocal quark vertex. The coupling constants G =
3.14 GeV−2 and K = 6.1 GeV−5 are fixed in the
model [13, 14] from the pion mass and from the masses
of η and η′ mesons (taking into account the mixing of
ground and excited states), respectively.
To describe the first radial excitations of mesons, we
take the form factors in momentum space as follows (see
2[1, 2]):
F aP,j = iγ5λ
afaj ,
fa1 ≡ 1, fa2 ≡ fa(k) = ca(1 + dak2), (3)
where λa are Gell–Mann matrices, λ0 =
√
2
3 ·1, with 1
being the unit matrix. Here, we consider the form factors
in the rest frame of mesons 1. The slope parameters du =
−1.78 GeV−2 and ds = −1.73 GeV−2) are defined from
the condition that the tadpoles with the form factors for
the corresponding quarks are equal to zero. That means
that the excited states do not give contributions to the
quark condensates. The coefficients cu = 1.5, cs = 1.66
are fitted from the masses of the radial excited physical
states of eta-mesons.
Following [18, 19], after coupling of a pair of quarks
in the ’t Hooft interaction we get a modified four-quark
interaction of the isoscalar pseudoscalar sector of the NJL
model:
Lisosc =
9∑
a,b=8
(q¯iγ5τaq)T
P
ab(q¯iγ5τbq), (4)
where TP is a matrix with elements defined as follows
TP88 = G
+
u /2, T
P
89 = G
+
us/2,
TP98 = G
+
us/2, T
P
99 = G
+
s /2,
τ8 = λu = (
√
2λ0 + λ8)/
√
3,
τ9 = λs = (−λ0 +
√
2λ8)/
√
3,
G+u = G− 4KmsI1(ms), G+s = G,
G+us = 4
√
2KmuI1(mu).
Here mu and ms are the constituent quark masses and
I1(mq) is the integral which for an arbitrary n is defined
as follows
If...fan (ma) = −i
Nc
(2pi)4
∫
Λ3
d4k
fa(k) . . . fa(k)
(m2a − k2)n
. (5)
The 3-dimensional cut-off Λ3 = 1.03 GeV in is imple-
mented to regularize the divergent integrals. Here mu,s
are the constituent quark masses: mu = 280 MeV and
ms = 405 MeV.
After bosonization we get the quark-meson interaction
Lagrangian in the form
Lint = q¯(p1)
[
(i/p−m) + iγ5
(
λug
u
1φ
u
1 + λsg
s
1φ
s
1
+λug
u
2φ
u
2f
u
2 (p) + λsg
s
2φ
s
2f
s
2 (p)
)]
q(p2), (6)
1 The form factors depend on the transverse parts of the relative
momentum of quark-antiquark pairs k⊥ = k −
k·P
P2
P , where k
and P are the relative and total momenta of a quark-antiquark
pair, respectively. Then, in the rest frame of mesons, Pmeson =
0, the transverse momentum is k⊥ = (0, ~k), and we can define
the form factors as depending on the 3-dimensional momentum
~k alone.
where m = diag(mu,md,ms), p = p1 − p2,
gu1 = [Z4I
u
2 ]
−1/2, gs1 = [Z4I
s
2 ]
−1/2,
gu,s2 = [4I
ffu,s
2 (mu,s)]
−1/2, (7)
where pi − a1 transitions accounted by factor
Z = 1− 6m
2
u
M2a1
(8)
taken the same for ground φu and φs meson states. For
the excited states these transitions can be omitted as
discussed in Ref. [11].
Note that here we do not take into account transi-
tions between pseudoscalar and axial-vector states, which
were important for description of pions and kaons. This
leads to a certain change with respect to the previous
works [12–14].
From Eq. (4) taking into account renormalization of
the kinetic terms in the one-loop approximation, one can
get the free meson Lagrangian in the following form [12,
13]:
L(2)(φ) = 1
2
2∑
i,j=1
9∑
a,b=8
φiKφ,ij(P )φj , (9)
φ = (φ81, φ
8
2, φ
9
1, φ
9
2),
where
Kφ,11(P ) = P 2 − (mu ±mu)2 −M2φ8,1,
Kφ,22(P ) = P 2 − (mu ±mu)2 −M2φ8,2,
Kφ,33(P ) = P 2 − (ms ±ms)2 −M2φ9,1,
Kφ,44(P ) = P 2 − (ms ±ms)2 −M2φ9,2, (10)
Kφ,12(P ) = Kφ,21(P ) = Γηu(P 2 − (mu ±mu)2),
Kφ,34(P ) = Kφ,43(P ) = Γηs(P 2 − (ms ±ms)2),
Kφ,13(P ) = Kφ,31(P ) = gu1 gs1(TP )−189 ,
Γηu,s =
I
fu,s
2 (mu,s)
√
Z√
I2(mu,s)I
ffu,s
2 (mu,s)
.
The bare meson masses are
M2φ8,1 = (g
u
1 )
2
(
1
2
(TP )−188 − 8I1(mu)
)
,
M2φ9,1 = (g
s
1)
2
(
1
2
(TP )−199 − 8I1(ms)
)
,
M2φ8,2 = (g
u
2 )
2
(
1
2G
− 8Iffu1 (mu)
)
, (11)
M2φ9,2 = (g
s
2)
2
(
1
2G
− 8Iffs1 (ms)
)
.
Transition from the bare states to the physical ones is
performed with the help of 4 × 4 matrix R which pro-
vides the diagonal form for the free Lagrangian. This
3Table I: The mixing coefficients for the isoscalar pseudoscalar
meson states.
Ri,j η ηˆ η
′ ηˆ′
ϕ81 0.71 0.62 −0.32 0.56
ϕ82 0.11 −0.87 −0.48 −0.54
ϕ91 0.62 0.19 0.56 −0.67
ϕ92 0.06 −0.66 0.30 0.82
matrix was found numerically in [12, 13], it is given in
Table I. Note that this matrix is not unitary. This is
due to the fact that it contains not only a rotation but
also dilations. The dilations are related to two differ-
ent renormalizations: one of them for the ground states
and one for the first radial excited states. One can ob-
serve the same feature of non-unitary transformation in a
more simple case SU(2)×SU(2) extended NJL model [1]
where the mixing of pi and pi′ mesons was considered. It
is worth to note that if we exclude from the considera-
tion the excited states, we would get instead of the 4× 4
matrix a simple 2×2 matrix corresponding to unitary or-
thogonal transformations with the standard singlet-octet
mixing angle θ ≈ −19◦, see Ref. [20]. The latter quan-
tity is close to the values of the mixing angle obtained in
numerous theoretical and experimental studies, see e.g.
paper [21] and references therein.
III. DESCRIPTION OF RADIATIVE
PROCESSES
A. Two-photon decays
Let us start with the 2-photon decays of the
ground and excited states of η-mesons. To describe
it we introduce the quark-photon interaction term
q¯QγµAµq into the interaction Lagrangian (6), with Q =
diag(2/3,−1/3,−1/3). For the decay η → γγ we get the
amplitude
Tη→γγ =
α
9pi
εµνρσq
ρ
1q
σ
2 ε
µ
1 ε
ν
2{
R1,1
gu1
mu
5I3(mu) +R2,1
gu2
mu
5Ifu3 (mu)
−R3,1 g
s
1
ms
√
2I3(ms)−R4,1 g
s
2
ms
√
2Ifs3 (ms)
}
.(12)
Analogously we got the amplitudes for two-photon decays
of ηˆ, η′, and ηˆ′ mesons. Our results for the widths of the
four decays with comparison to the existing experimental
data are given in Table II.
Consider now the processes of η-meson production in
e+e− collisions by two-photon mechanism:
e+ + e− → e+ + e− + η(ηˆ, η′ ηˆ′). (13)
Table II: Widths of η meson two-photon decays.
meson η ηˆ η′ ηˆ′
model [eV] 520 93 4990 230
exp. [eV] 510± 26 − 4340± 140 −
Table III: Total cross sections of η meson production via the
two-photon mechanism.
meson η ηˆ η′ ηˆ′
model [nb] 1.4 0.014 2.1 0.022
exp. [nb] 1.25± 0.13 − 1.8± 0.3 −
In the first approximation the total cross section [22]
reads
σηi = (4α)
2 ln2
√
s
2me
Γ(ηi → 2γ)
M3(ηi)
Y
(
M2(ηi)
s
)
,
Y (z) = (2 + z)2 ln
1√
z
− (3 + z)(1− z). (14)
The corresponding numerical results are given in Ta-
ble III in comparison with the experimental data [23]
existing for the ground meson states at
√
s = 29 GeV
total e+e− energy in the center-of-mass.
In a similar manner we can describe the Primakoff pro-
cess of η meson production in photon–lepton collisions
γ(k) + l(p)→ ηi(p1) + l(p′), l = e, µ,
p2 = p′
2
= m2l , k
2 = 0, p21 = M
2(ηi),
s = 2kp > M2(ηi)≫ m2l . (15)
The total cross section of this process reads [3]:
σγl→ηil =
αΓ
M3(ηi)
[
1 +
(
1− M
2(ηi)
s
)2]
×
(
ln
s2
m2lM
2(ηi)
− 1
)
. (16)
For electron-photon collisions at the center-of-mass en-
ergy
√
s = 3 GeV we get the following predictions for the
total cross sections: σγe→ηe = 340 pb, σγe→ηˆe = 540 pb,
σγe→η
′e = 3.7 pb, σγe→ηˆ
′e = 5.7 pb.
IV. CONCLUSIONS
The results of our calculations show that the applica-
tion of the mixing matrix R which diagonalizes the free
meson Lagrangian leads to sufficiently good description
radiative decays of the ground η and η′ meson states.
This allows us to hope to get reasonable predictions for
4their first radial excited states. A similar situation took
place in the case of strong interactions of the ground and
excited mesons [2, 14].
The η(1475) meson as a qq¯ state was considered in
Ref. [24], where a simple phenomenological model of mix-
ing between only two uu¯ + dd¯ and ss¯ components was
used. In our approach we have mixing of four qq¯ com-
ponents: two of them for ground states and two for ra-
dial excited ones. However we did not take into account
mixing of η mesons with pseudoscalar glueballs in par-
ticular with the η(1405) state. Meanwhile we took into
account the influence of the gluon anomaly (by means of
the ’t Hooft interaction) onto the mixing of the uu¯+ dd¯
and ss¯ components in all four states being considered.
Some other papers were devoted to studies of mixing
between the ground η(550) and η′(958) mesons with a
pseudoscalar glueball, see e.g. Refs. [17, 25, 26]. Note
that the excited η meson states were not taken into ac-
count there. Moreover, the mixing of the ground η and η′
mesons with glueball was found to be not large. We argue
that in future studies all these mixing effects should be
considered together like it was done in ref. [27] for mixing
of four isoscalar mesons and a glueball using 5×5 mixing
matrix.
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